Two strategies to solve the problem of instability of photoanodes against photocorrosion have been explored. The photocorrosion of photoanodes generally occurs when they enter the fabrication of efficient photoelectrochemical cells (i.e. showing high values of the open circuit voltage and photocurrent density).
One of these strategies consists of protecting the photoanode against photocorrosion by a non-conducting oxide film deposited on its surface. The oxide must have a cationic valence band, or valence energy states, falling either above, or at the same level as, the top of the valence band of the anode. The significant photocurrent observed with the n-GaAs/Sr0.98Na0.01Ce0.olTiO3 hybridelectrode structure confirms the validity of the model.
The second possibility deals with the protection of the photoanode by a conducting oxide film in which the carrier transport occurs, close to the Fermi level, via either a partially filled band or a sufficiently high density of localized states. We have illustrated this method of protection by depositing n-SrTiO3 on n-GaAs. The 
CRITERIA FOR CHOOSING PROTECTIVE OXIDE FILMS FOR THE PHOTOANODE
Either insulating or conducting oxides can be envisaged, provided their properties differ from those of the "low-performance" materials listed in Table I .
Protection by an non-conducting oxide: EIS structure (Electrolyte-Insulator-Semiconductor). We first note that the non-conducting oxides listed in Table I have large band gap:
Eg(TiO2) 3.0eV Eg(AI203) 4.0eV Eg(Nb2Os)--2.9eV (6) (7) Their valence bands are, therefore, below that of the photo-anode they protect, which have small optical gaps (Eg < 2eV). Figure 1 is an energy diagram of the photoanode-film-electrolyte junction. It clearly shows that the tunnel effect is the only way for a photoproduced hole to cross the protective film and oxidize reduced species in the electrolyte.
If (Figure 2 ). It implies that the top of the valence band of the oxide should fall either above or at the same level as the top of the valence band of the photoanode (Figure 2 ).
This seems difficult to fulfill in practice, because we know of no transparent oxide in which the top of the valence band (of anionic character, as it occurs for the oxides listed in Table I) Note, however, that charge transport through a protective nonconducting film could occur in a valence band, provided we use not the intrinsic anionic valence band of the oxide, but cationic, extrinsic or intrinsic, valence band or valence levels ( Figure 3 ). This opens the field of investigation, since a wide range of oxides could satisfy this condition. Table II gives some examples of significant oxides which should efficiently protect n-GaAs photoanodes from photocorrosion: the cationic valence levels quoted in Table II --E redox electrolyte FIGURE 3 A "practical" EIS solar cell. Photogenerated holes cross the insulator via a cationic valence band (C.V.B.).
The Ce3+:4f energy states should indeed be located slightly above the valence band edge of GaAs (Table II) and thereby allow the transfer of the photogenerated holes through the film (Figure 3 ). Details concerning the films analysis and texture, the conductivity and photoconductivity measurements will be reported separately.
The non-conducting (o(25oc) 10-1f2-cm-l) deposits were partially crystallized but had the expected stoechiometry. Finally, the photoc0nductivity spectra of the films gave evidence of subbandgap CeB+:4f energy levels at about 1.6eV below the conduction band7. Figure 4 shows the photocurrent as a function of the potential difference across the cells which were used as generators. The significant current observed with the n-GaAs/Sr0.98Nao.olCe0.0TiO3 heterojunction confirms the validity of the model. It is probable that greater photocurrents could be obtained by increasing the amount of Ce3+. practically no response. This could be expected since SrTiO3 is not here doped by Ce3/, and it is virtually impossible for photoholes to tunnel through the film (film thickness > 20A (Figure 1) ).
Protection by a conducting oxide: ESS (Electrolyte-semiconductorsemiconductor) structures.
The disappointing results obtained by previous authors with the heterojunctions n-GaAs/n-SnO2, n-Si/n-SnO2 and n-CdSe/n-SnO2 (Table I ) may be interpreted on the basis provided by Figure 5, Figure 6 .
Note that a deposit of n-SrTiO3 could also be suitable because: the electron affinity of SrTiO3 is low (3.4eVt2) ). Eredox Electrolyte FIGURE 6 Charge transport mechanism in the conducting protective film.
when it is prepared under suitable conditions (a 40% H2 + 60% Ar mixture can be used as a sputtering atmosphere; the other deposition parameters are identical to those mentioned above for undoped and Ce-doped SrTiO3), the Fermi level can be trapped within the forbidden band by Ti'3d(tzg) energy states s. 
CONCLUSION
Criteria for picking protective oxide deposits for photo-anodes have been defined on the basis of the most likely and efficient mechanisms of charge transport in the film. The validity of the strategies adopted here is illustrated by two significant examples.
